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(54) Optical disk and optical disk apparatus 

(57) An optical disk (10) used for writing and read- 
ing data in units of an error correction block containing a 
plurality of sectors by means of a light beam and com- 
prising land and groove tracks (13, 14) arranged adja- 
cent to one another and a plurality of emboss pits (16) 



formed on a boundary between the land and the groove 
tracks to detect respective positions of the error correc- 
tion blocks. 
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and groove tracks arranged adjacent to one another, 
and a plurality of recognition marks formed on a bound- 
ary between the land and the groove tracks to recognize 
a position of the error conrection blocks. 
[001 4] According to the present Invention, there is pro- s 
vided an c^tical disk apparatus conrprising an optical 
head facing an optical disk for writing and reading data 
therein and therefrom, the optical disk having land and 
groove tracks arranged adjacent to one another and a 
plurality of recognition marks formed on a boundary 
between the larxj and the groove tracks and used for 
recognizing respective positions of the error correction 
blocks, arid the optical head detecting the recognition 
marks to output a detection signal, a signal generator 
which generates a recognition signal corresponding to 
the recognition marks on the basis of the detection sig- 
nal from the optical head, a driver which drives the opti- 
cal head in accordance with the recognition signal and 
write information in a writing mode to write data in the 
error correction blocks corresponding to the detected 
recognition marks, and a signal processor which proc- 
esses data read out from the optical disk by the optical 
head to output a reproduced signal. 
[0015] In this way. recognition information of the error 
correction block is written as emboss pits in the optical 
disk. Data of each sector of the error correction block 
and address Information of the sector are written on the 
basis of this recognition information. This allows to form, 
in units of one error correction block, buffer areas for 
coping with a change in actual sector length on the disk 
arising from variations in rotation speed or decentering 
of the disk during writing/reading out data and coping 
with random shifts of write-in positions and deterioration 
of start and end positions in the phase change record- 
ing scheme. Compared to a conventional optical disk in 
which address Information in units of one sector is writ- 
ten as emboss pits, the buffer area can be greatly 
decreased to widen the area for writing data, resulting in 
a high format efficiency. 

[0016] Since the positions of error correction blocks 
on the optical disk are determined In advance, data can 
be written in an arbitrary error con-ection block in writing 
data. In addition, error correction is performed for data 
within the error correction block but. Is not for address 
information of the sector. The sector address can there- 
fore be recognized In real time without decoding the 
error correction block. Even If an address error occurs 
during a write, the address can be easily corrected. 
[0017] In the optical disk apparatus according to the 
present invention, the land and groove tracks on the 
optical disk are wobbled with a wobble pattern having a 
predetermined period. A periodic signal corresponding 
to the wobble pattern Is generated from an output from 
the photo-detector for detecting reflection light by the 
optical disk. Rotation of the optical disk is controlled 
based on this periodic signal. 

[0018] A periodic signal necessary for control of the 
spindle motor can always be obtained In a read regard- 
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less of the presence/absence of data in the optical disk. 
Accordingly, the write-in time can be shortened without 
any extra process of f inaltzatk>n in a write. 
[001 9] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of tiiese described 
features. 

[0020] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings. In which: 

FIG. 1 is a partial enlarged perspective view show- 
ing an optical disk according to an embodiment of 
the present invention; 

FIG. 2 Is a plan view showing a track pattern on the 
optical disk; 

FIGS. 3 A. 3B and 3C are enlarged plan views 
showing part of the optical disk in FIG. 1 ; 
FIGS. 4A and 4B are plan views each showing a 
spiral forrr^t on the optical disk; 
FIGS. 5A and 5B are block diagrams showing the 
arrangement of an optical disk apparatus according 
to an embodiment of the present invention; 
FIG. 6 Is a flow chart showing the processing proce- 
dure of a write-in data processor section in this 
embodiment; 

FIG. 7 is a view showing the structure of a data 
frame; 

FIGS. 8A and 8B are views showing the structure of 
data ID and sector information, respectively; 
FIG. 9 is a view showing the logical structure of an 
ECC block: 

FIG. 10 is a view showing the structure of a write-in 
frame; 

FIG. 11 is a view showing the structure of a data 
field; and 

FIG. 12 is a view showing the write-in format of the 
ECC block on the optical disk In this embodiment. 

[0021 ] An embodiment of the present Invention will be 
described below with reference to the several views of 
the accompanying drawing. 

[0022] An optical disk according to an embodiment of 
the present invention will be first described. FIG. 1 Is a 
partial enlarged view of the optical disk. FIG. 2 shows a 
track pattern on the optical disk FIGS. 3A to 30 are 
enlarged views showing part of FIG. 2. FIGS. 4A and 4B 
show spiral formats on the optical disK respectively 
[0023] As shown in FIG. 1. an optical disk 10 of this 
embodiment is formed by forming a readable and writa- 
ble recording film 12. e.g., phase change film, and the 
like on a disk substrate 1 1 . Land and groove tracks 13 
and 14 are spirally formed on the disk substrate 1 1 . as 
shown in FIGS. 1 to 4A and 4B. The land and groove 
tracks 13 and 14 can be laid out in two ways, i.e., a sin- 
gle-spiral format shown In FIG. 4A and a double-spiral 
format shown in FIG. 4B. In the single-spiral format, 
land and groove tracks 13 and 14 are alternately laid out 
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on one spiral. In the double-spiral format, land and 
groove tracks 13 and 14 are respectively laid out on two 
parallel spirals. The land and groove tracks are alter- 
nately arranged adjacent to each other along the radial 
direction of the disk in either of the above formats. The 5 
present invention can be applied to either format. 
[0024] In this embodiment, the land and groove tracks 
13 and 14 are wobbled with a wobble pattern having a 
predetermined period, as shown in FIGS. 2 and 3A to 
3C. For the sake of simplicity, the land and groove tracks 10 
13 and 14 shown in FIGS. 1, 4A, and 4B are not wob- 
bled. 

[0025] As shown in FIGS. 1 . 2, and 3A to 3C, the 
groove track 14 is partitioned midway, and the partition 
area serves as a land portion 15. Emboss pits 16 are is 
formed on the boundary between the land portion 15 of 
the partition area and adjacent land tracks 13. The 
emboss pits 1 6 are formed on the disk together with the 
land and groove tracks by mask ring process when the 
disk is molded. go 
[0026] The emboss pits 16 provide recognition infor- 
mation for recognizing position of an error correction 
block (to be referred to as an ECC block hereinafter) on 
adjacent land and groove tracks positioned on both 
sides of the emboss pits. More specifically, the emboss 2S 
pits 16 represent the boundary between ECC blocks 
and are formed at the period nearly equal to the ECC 
block length. The emboss pits 1 6 are formed from a plu- 
rality of, preferably three or more pits, if each group of 
the emboss pits are used simply for recognizing the 30 
position of the ECC block, all groups of the pits may 
have the same pit pattern. In FIGS. 1 , 2, and 3A to 3C. 
the pits are circular. However, the pit shape is not limited 
to this, and may be an oval or elliptical shape, or a com- 
bination of them. 35 
[0027] Since the emboss pits 1 6 are formed to recog- 
nize the ECC block, the emboss pits 1 6 may replace the 
partition area 15 on the groove track 14. Also, the mark 
or marks (for example, phase change mark) based on 
another form may be used in stead of the ent>oss pits. 40 
That is, semicircular pits or marks may be formed on the 
land track 13 as ECC block recognition information. 
[0028] Forming the emboss pits 1 6 representing ECC 
block recognition information for each ECC block can 
increase the format efficiency, as will be described in 45 
detail later. 

[0029] FIGS. 3A to 3C show detailed numerical exam- 
ples of the land track 13. groove track 1 4, emboss pit 1 6, 
and optical beam spots 1 7a and 1 7b on the optical disk 
10. FIGS. 3A to 3C show an example of a rewritable so 
optical disk having a higher density than that of a cur- 
rent DVD-RAM. In this example, the track pitch (interval 
between the center lines of the land and groove tracks 
13 and 14) is 0.55 jim. the width of the emboss pit 16 is 
0.35 ^im. the wavelength X of an optical beam is 650 55 
nm, the NA of the objective lens is 0.6, and the optical 
beam spot diameter is 0.93 ^m. 
[0030] A signal from the emboss pit 16 is detected 



while the optical beam spot 1 7a traces the land track 1 3. 
At this time, since the optical beam spot 1 7a also traces 
part of a groove track 14 adjacent to the traced land 
track 13, the influence of a recording mark such as a 
phase change mark formed on the groove track 14 must 
be considered. 

[0031 ] The optical beam spot 1 7a overlaps the groove 
track 14 by a width of 0.19 ^m which is a difference 
obtained upon subtracting 0.275 ^m that is 1/2 the track 
pitch from 0.465 ^m that is 1/2 the optical beam spot 
diameter. The optical beam spot 17a overlaps the 
groove track 14 adjacent to the land track 13 by a length 
of about 0.4 ^im. The emboss pit 16 has a width, i.e.. 
track width direction size of 0.35 ^lm. The emboss pit 16 
is formed at a position where the entire width falls within 
the optical beam spot 17a. 

[0032] Considering, therefore, the relationship 
between the size the optical beam spot 1 7a overlaps the 
emboss pit 16 and the size it overlaps the groove track 
14. the emboss pit 16 can be reliably detected substan- 
tially free from any influence of a recording mark formed 
on the groove track 14 by the optical beam spot 17a. 
[0033] While the optical beam spot 17b traces the 
groove track 14, the influence of the emboss pit 16 on 
detecting a recording mark formed on the groove track 
14 must be considered. 

[0034] The emboss pit 16 is formed on the boundary 
between the land portion 15 in the partition area of the 
groove track 14 and the land track 13. The distance 
between the optical beam spot 17b and emboss pit 16 
is 0.185 ^im which is a difference obtained upon sub- 
tracting 0.465 ^m that is 1/2 the optical beam spot diam- 
eter and 0. 1 75 ^im that is 1/2 the width of the emboss pit 
16 from 0.825 ^m that is 1.5 times the track pitch. This 
means that the optical beam spot 17a and emboss pit 
16 are sufficiently spaced apart from each other. There- 
fore, a recording mark formed on the groove track 14 
can be reliably detected without any influence of the 
emboss pit 16. 

[0035] The emboss pit 16 is formed on the boundary 
between the land portion 15 partitioning the groove 
track 14 and an inner or outer adjacent land track 13 in 
the radial direction of the disk. ECC block recognition 
information provided by the emboss pit 16 is therefore 
shared by adjacent land tracks 13 and the groove track 
14. 

[0036] In this manner, even when the track pitch is 
decreased to inaease the density of the optical disk 10 
more than a current DVD-RAM, and the optical beam 
spot is downsized to cope with a narrow track pitch, a 
signal from the emboss pit 16 can be detected at a high 
SNR without any influence of a recording mark on an 
adjacent groove track 14. At the same time, a signal 
from a recording mark on the groove track 14 adjacent 
to a position where the emboss pit 16 Is formed can be 
reliably detected without any influence of the emboss pit 
16. 

[0037] An optical disk apparatus for driving the above- 
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desaib^ optical disk 10 to write/read out data wiU be 
explained with reference to FIGS. 5A and 5B. 
[0038] In FIG. 5A. the optical disk 10 is rotated by a 
spindle motor 21 driven by a nrrator driver 20. and data 
is written in or read out from the optical disk 10 by an s 
optical head 22 that faces the optical disk 10. TTie opti- 
cal head 22 is constituted by a laser diode (LO) 23 serv- 
ing as a light source, a collimator lens 24 for collimating 
an optical beam emitted by the laser diode 23. a beam 
splitter 25 for splitting incident light on the optical disk 1 0 
and reflection light by the optical disk 10. an objective 
lens 26 for focusing the optical beam passing through 
the beam splitter 25 and irradiating the optical beam as 
a small optical beam spot onto the optical disk 10. a 
condenser lens 27 for condensing the reflection light 
reflected by the optical disk 10 and guided by the beam 
splitter 25. a photo-detector 28 for detecting the con- 
densed reflection light, and a lens actuator 29 for mov- 
ing the objective lens 26 in the optical axis direction 
(focusing direction) and tracking direction. 
[0039] An example of the photo-detector 28 is a multi- 
segment split photo-detector in which the detection area 
is divided into a plurality of. e.g.. four areas. A plurality of 
output signals from the photo-detector 28 are input to an 
analog arithmetic circuit 33. The analog arithmetic cir- 
cuit 33 generates a readout signal corresponding to 
data written in the optical disk 10. focus error and track- 
ing error signals for focusing servo control and tracking 
servo control and a speed control signal for controlling 
the rotation speed of the spindle motor 21. The focus 
servo control is for making the focal point of the objec- 
tive lens 26 coincide with the recording surface on the 
optical disk 10. The tracking servo control is for making 
an optical beam irradiated on the optical disk 10 trace 
the track. 

[0040] The focusing and tracking error signals are 
input to a servo circuit 30. and the objective lens 26 is 
controlled by the lens actuator 29 in the focusing and 
tracking directions under the control of the servo circuit 
30. The servo circuit 30 controls the motor driver 20 in 
accordance with the speed control signal generated on 
the basis of a periodic signal (to be described later) 
obtained from the optical disk 10. 
[0041] Write-in operation and readout operation will 
be briefly explained. Write-In Operation 
[0042] In a write, a write-in data stream Din as data to 
be written is processed by a write-in data processor 31 
and then input to an LD driver 32. The LD driver 32 
modulates the intensity of the laser diode 23. An optical 
beam whose intensity is modulated is irradiated on the 
optical disk 10 via the collimator lens 24, beam splitter 
25. and objective lens 26 to write data on the recording 
film 12 of the optical disk 10 as a recording mark such 
as a phase change mark from a crystalline or amor- 
phous state to an amorphous or crystalline state. 
[0043] In a write, reflection light by the optical disk 10 
is incident on the photo-detector 28 via the objective 
lens 26. beam splitter 25. and condenser lens 27. An 



output fron the photo-detector 28 is input to the analog 
arithmetic circuit 33 to generate a signal (to be referred 
to as an errboss pit signal hereinafter) corresponding to 
the err^>oss pit 16 on the optk:al disk 10. and a periodic 
signal whose amplitude changes in correspondence 
with the wobble pattern of the land and groove tracks on 
the optical disk 10. 

[0044] A timing generation circuit 34 generates ECC 
block recognition information corresponding to the 
emtx)ss pit 16 in accordance with the emt>oss pit signal, 
arxJ a speed control signal in accordance with the peri- 
odic signal. The ECC block recognition information is 
used to generate an ECC block in the write-in data proc- 
essor 31 and generate sector address information. This 
processing will be explained in detail below. The speed 
control signal is input to the servo circuit 30. On the 
basis of this signal, the servo circuit 30 controls the 
spindle motor 21 to a predetermined rotation speed via 
the motor driver 20. 

[0045] In a write, the analog arithmetic circuit 33 fur- 
ther generates focusing and tracking error signals, and 
the servo circuit 30 controls the tens actuator 29 based 
on these signals, thereby performing focusing servo 
control and tracking servo control. Readout Operation 
[0046] In a read, an optical beam with a predeter- 
mined intensity emitted by the laser diode 23 is irradi- 
ated onto the optical disk 10 via the collimator lens 24, 
beam splitter 25. and objective lens 26. The reflection 
light by the optical disk 10 is incident on the photo- 
detector 28 via the objective lens 26. beam splitter 25. 
and condenser lens 27. An output from the photo-detec- 
tor 28 Is input to the analog arithmetic circuit 33 to out- 
put as a readout signal a change in reflectivity 
depending on the presence/abs^ce of a recording 
mark on the recording film 12. 

[0047] Also in a read, the analog arithmetic circuit 33 
generates a periodic signal corresponding to the wobble 
pattern on the optical disk 10, a focusing error signal, 
and a tracking error signal. The timing generation circuit 
34 generates a speed control signal in accordance with 
the periodic signal, and the servo circuit 30 controls the 
spindle motor 21 to a predetermined rotation speed via 
the spindle motor 21 on the basis of the speed control 
signal. The servo circuit 30 controls the lens actuator 29 
on the basis of the focusing and tracking error signals, 
thereby performing focusing servo control and tracking 
servo control. 

[0048] A readout signal corresponding to the record- 
ing mark that is output from the analog arithmetic circuit 
33 is converted into binary data by a binarization circuit 
35, and the binary data is input to the timing generation 
circuit 34. From the binary data, the timing generation 
circuit 34 detects a sync pattern, more particularly, the 
position and pattern of a sync pattern in the readout sig- 
nal. Since the readout signal includes a bit error gener- 
ated by a medium defect of the optical disk 10 or the 
influence of noise, the timing generation circuit 34 may 
fail to detect the sync pattern at a position where the 
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sync pattern should be detected, or may erroneously 
detect a sync pattern at a position different from the real 
sync pattern position. The timing generation circuit 34 
has a function of accurately detecting the position of the 
sync pattern in consideration of these influences. The 
timing generation circuit 34 determines the boundaries 
of a demodulation symbol, write-in block, and demodu- 
lated write-in sector using a sync pattern detection sig- 
nal r^resenting one of sync pattern sequences SYO to 
SY7 (to be described later) as the sync pattern, in addi- 
tion to the sync pattern detection position signal. 
[0049] An output from the binarization circuit 35 is 
input to a readout data processor section 36. As shown 
in FIG. 5B, the readout data processor section 36 is 
comprised of a demodulator circuit 361 , a memory 362, 
a memory controller 363 for controlling the memory, and 
an error correction decoding processor section 364. 
The demodulator circuit 361 performs processing 
almost re^^erse to the processing of the write-in data 
processor section 31 , thereby outputting a readout data 
stream Dout. 

[0050] The write-in data processor section 31 will be 
described in detail. FIG. 6 shows the processing proce- 
dure of the write-in data processor section 31 . 
[0051] A write-in data stream Din is input from, e.g., a 
host system (not shown) (step Si 01). 
[0052] A data frame is generated from the write-in 
data stream Din input in step SI 01 (step SI 02). In the 
data frame generation step SI 02, the write-in data 
stream Din is divided into data sectors in units of 2.048 
bytes, and a 1 78 x 1 2-byte data frame is generated from 
each data sector. 

[0053] FIG. 7 shows the structure of the data frame. 
As shown in FIG. 7, the data frame is formed from 2,064 
bytes, i.e.. 12 rows each composed of 172 bytes. The 
first row is composed of 4-byte data identification data 
(data ID), a 2-byte ID error detection code (lED) for 
detecting any error generation in the data ID. 6 reserve 
bytes (RSV), and 160-byte main data Dq to D-159. The 
main data is a data sector element. The second to 1 1th 
rows are respectively composed of 172-byte main data 
D160 to D332 to D503, "M D1708 to Di879- The last 
12th row is composed of 168-byte main data D188O to 
D2047 and a 4-byte error detection code (EDC) for 
detecting any error generation in the data frame. 
[0054] The data ID will be explained in more detail. As 
shown in FIG. 8A, the data ID is composed of bits suc- 
cessively numbered such that the least significant bit is 
bO and the most significant bit is b31. The respective 
bits of the most significant 1-byte data field information 
have the following meanings and are set as follows: 

bit b31 (sector format type): set to "1" and repre- 
sents a zoned format bit b30 (tracking method): set 
to "0" representing pit tracking at the emboss por- 
tion within the lead-in zone, and "1" representing 
group tracking in the remaining zone 
bit b29 (reflectivity of recading film): set to "1" and 



represents a reflectivity of 40% or less 
bit b28 (reserve): set to "0" 
bits b27 & b26 (zone type): set to ''00'' in the data 
zone, "Or in the lead-in zone, and "10" in the lead- 
5 out zone 

bit b25 (data type): set to "0" when data of the data 
sector Is read-only data, and "1 " when data is rewri- 
table data, and 

bit b24 (layer number): set to "0" and represents 
10 that only one recording film can be accessed from 
one incident surface 

[0055] In the data field number composed of lower 3 
bytes of bits b23 to bO. the emtx^ss portion and defect 

15 management region within the lead-in zone and the 
reserve zone represent binary sector numbers, the data 
zone represents initialized and re-initialized data field 
numbers, and the defect management region within the 
lead-out zone and the reserve zone represent binary 

20 sector numbers. 

[0056] After the data frame is generated in step S1 02, 
scramble processing is performed (step S103). In this 
scramble processing, main data (k = 0 to 2,047) 
within the data frame is replaced with D^' (k = 0 to 2,047) 

25 scrambled by 

D = D k XOR S k k = 0 to 2047 

where XOR is the exclusive logical addition. 

30 [0057] Sk is the random data stream, e.g., M stream 
for scramble processing and is generated by the follow- 
ing procedure. More specifically, a 15-bit shift register Is 
prepared. Outputs from the most significant bit and the 
fifth bit from it are exclusive-ORed to input the result to 

35 the least significant bit, thereby forming a so-called 
feedt)ack shift register. Scramble data uses a lower 8-bit 
output from the feedback shift register. Every time 
scramble data is extracted, the feedback shift register is 
shifted eight times in the upper bit direction, and next 

40 scramble data is extracted. 

[0058] Scramble data generated by this procedure 
and main data are exclusive-ORed for each bit to per- 
form scramble processing. In this case, a scramble data 
stream to be generated can be switched by changing 

45 the initial value of the feedback shift register. The initial 
value is switched In accordance with the contents of the 
data ID within the data field. 

[0059] Error correction coding is performed for the 
data frame (to be referred to as a scrambled frame) after 
50 scramble processing in step SI 03 to generate an ECC 
block (stepS104). 

[0060] FIG. 9 shows the structure of the ECC block. 
The ECC block is formed from 182 bytes x 208 rows 
such that scrambled frames are stacked in 192 rows 
55 each having 172 bytes. 16 bytes are added as an outer 
code parity PO to the 192 rows to obtain 208 rows, and 
10 bytes are added as an inner code parity PI to each 
row to obtain a 182-byte row. Letting i be the row 
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number and i be the column nurrdt)er, each byte Bj,j is 
given by 

Bj.j for i = 0 to 191. j = 0 to 171: bytes from the 
scrambled frames 

Bf.j for i = 192 to 207. j = 0 to 171 : bytes of outer 
code parity 

Bj.j for i = 0 to 207, j = 172 to 181: bytes of inner 
code parity 

[0061 ] The generation procedure of the ECC block will 
be desaibed in more detail. Sixteen scrambled frames 
each formed from 12 rows are stacked. Error correction 
coding is performed for the group of 16 scrambled 
frames as an error correction coding data unit to add a 
check parity, thereby generating an ECC block. This 
error correction coding uses the double-product code of 
a Reed-Solomon code. 

[0062] That Is. coding (outer coding) Is performed for 
data of the 192 rows of the 16 stacked scrambled 
frames to generate a 16-byte outer code parity PO. The 
outer code is a (208.192.1 7) RS code. The same outer 
coding is repeated for all the columns (172 columns) of 
the 16 stacked scrambled frames. Next, coding (inner 
coding) is performed for 172 -byte data of each row of 
the 16 stacked scrambled frames to generate a 10-byte 
inner code parity PI. The inner code is a (182.172,11) 
RS code. The same inner coding is repeated for all the 
rows of the 16 stacked scrambled frames, i.e., the 208 
rows including the outer code parity PO. 
[0063] One outer code parity PO formed from 1 6 rows 
is interleaved in every 12 rows of the ECC block in FIG. 
9 generated In step SI 04. thereby generating a write-in 
frame. More specifically, the write-in frame is generated 
by rearranging byte Bj.j of the ECC block into B^.n given 
by 

m = i + Int [i/12] and n = j.i ^ 191 
m = 13(1- 191) -1 andn=j,i^192 

where lnt[x] is an integer equal to or less than x. 
[0064] As a result, the 37.856 bytes of the ECC block 
are rearranged into 16 write-in frames each formed from 
2,366 bytes, as shown in FIG. 10. Each write-in frame 
has 182 bytes x 13 rows. 

[0065] Data of the write-in frame generated in step 
Si 05 is converted, i.e., modulated in accordance with 
the signal transmission characteristics of the optical 
disk 10 and optical head 22 serving as a write-in/read- 
out system (step Si 06). To decrease the write-in den- 
sity (line density) on the optical disk 10 as much as 
possible, the write-in signal desirably has a low maxi- 
mum frequency In terms of signal transmission, the 
write-in signal has a low frequency conponent. Consid- 
ering the two requirements, the modulation scheme in 
step SI 06 is generally a scheme in which frequency 
components concentrate in a middle range. As the mod- 
ulation scheme, this embodiment adopts, e.g., 8/16 



modulation of converting 8-bit data into a 16-brt-code 
word composed of RLL (2,10) codes in which the run 
length of "0**s is limited to "2" and the run length of "1 "s 
is limited to "19". The 16-brt-code word is NRZ-l-con- 

5 verted into channel bits. The channel bits mean ele- 
ments representing modulated binary data '*1" and "0" 
as pits or marks on the optical disk 10. 
[0066] A data field to be written in the optical disk 10 
is generated from the write-in frame modulated in step 

10 SI 06. When data written in the optical disk 10 is to be 
read out. the boundary of the write-in frame must be 
determined to reconstruct the original data. Accordingly, 
in step Si 07. as shown in FIG. 1 1 . a 32-bit sync pattern 
is added to the start of 1 .456 channel bits of each mod- 

15 ulated write-in frame to generate a 1 .488-blt sync frame, 
thereby forming a data field. The data field is con- 
structed from 13 rows each made up of two sync 
frames. The 1 ,456 channel bits in each sync frame rep- 
resent first 91 and second 8 bytes of one row of the 

20 write-in frame. Each row of the data field indicates each 
row of the write-in frame. 

[0067] A desirable sync pattern is one that can be eas- 
ily detected from the write-in data stream but Is not erro- 
neously detected. In FIG. 1 1 . eight types of sync pattern 
25 sequences SYO to SY7 are pr^ared as the sync pat- 
tern. One sync pattern is selected from these sync pat- 
tern sequences SYO to SY7 in accordance with the 
position of the write-in frame within the modulated data 
field. 

30 [0068] Finally, the write-in format of the ECC block is 
generated from the data field generated in step SI 07. 
The Intensity of an optica! beam emitted from the laser 
diode 23 by the LD driver 32 is modulated in accord- 
ance with the generated write-in format to write data in 

35 the optical disk 10 in the above-mentioned fashion. The 
write-in format of the ECC block will be described in 
detail below. 

[0069] The readout data processor section 36 in FIG. 
58 will be explained. 

40 [0070] The demodulator circuit 361 segments binary 
data from the binarization circuit 35 Into 16-bit data at 
the boundary of a demodulation symbol, and then per- 
forms processing reverse to modulation, i.e., 16/8 
demodulation to convert the segmented data into 8-bit 

45 data, generating reconstruction data. In this case, the 
relative position of the sync frame with respect to the 
start of the modulated write-in frame is determined by 
determining which of the sync pattern sequences SYO 
to SY7 is the sync pattern of the sync frame in the 

so reconstruction data stream. 

[0071 ] The demodulator circuit 361 extracts data iden- 
tification data (data ID) from the reconstruction data 
using the start of the write-in frame as a reference. The 
demodulator circuit 361 checks the extracted data ID for 

55 an error using an ID error detection code (lED). To pro- 
tect the reliability, the demodulator circuit 361 sequen- 
tially writes the reconstruction data in the memory 362 
using the start of the write-in frame and the data ID as a 
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reference. 

[0072] When the reconstruction data of 16 write-in 
frames constituting one ECC block are written in the 
memory 362. the memory controller 363 reads out an 
inner code parity from the memory 362 and transfers it 
to the error con*ection decoding processor section 364. 
Upon reception of it, the error correction decoding proc- 
essor section 364 corrects an inner code error. If an 
error exceeding the inner code error correction ability 
exists, the error correction decoding processor section 
364 determines a failure in correcting the error and gen- 
erates an error flag. The error correction decoding proc- 
essor section 364 writes error-corrected data and the 
error flag in the memory 362. 

[0073] When the error correction decoding processor 
section 364 completes error correction for all the inner 
codes within the ECC block, the memory controller 363 
reads out an outer code parity from the memory and 
similarly transfers it to the error correction decoding 
processor section 364. The error correction decoding 
processor section 364 corrects an outer code error. Par- 
allel to a read of the outer code parity, the memory con- 
troller 363 reads out the error flag generated in 
correcting the inner code error. The error correction 
decoding processor section 364 uses this error flag to 
perform erasure correction. Similar to correction of the 
inner code error, the error correction decoding proces- 
sor section 364 writes error-corrected data and an error 
flag. 

[0074] The memory corrtroller 363 reads out the error- 
corrected data in the memory 362. and descrambles 
data scrambled in generating write-in data. The 
descramble processing is performed by exclusive- 
ORing the same random data stream as in scramble 
processing and the error-corrected data. The descram- 
bled data read out from the memory 362 is output as a 
readout data stream Dout. 

[0075] FIG. 12 shows the write-in format of the ECC 
block on the optical disk 10 in this embodiment, tn FIG. 
1 2, the alphabets on the upper stage represent the con- 
tent of each field, and the numeral on the lower stage 
represents the byte length. As shown in FIG. 12, 
address fields ADO to AD15 (only ADO is shown in FIG. 
12) are arranged at the starts of respective sectors 
forming the ECC block. The sector address fields ADO 
to AD 15 are areas that store address information of the 
respective sectors forming the ECC block, and each 
sector address field is composed of VFO, AM, PID, lED, 
and PA fields. 

[0076] Address information written in each sector 
address field is not subjected to error correction and can 
be detected without decoding error correction coded 
data. Therefore, even if the optical head deviates from a 
track, using this address information can minimize the 
damage and can shorten the seek time. 
[0077] Generally, the disk is initialized prior to ship- 
ment. The initialization is a process for writing data such 
as physical address of each sector referring to the 
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emboss pits formed in units of one ECC block. When 
DVD-RAM is initialized, an initialization check (certify) is 
performed to detect initialization defect and perform 
defect management. The address fields ADO to AD15 

5 are written in the disk in the initialization. 

[0078] The initialization may be performed by the user, 
using an optical disk apparatus having initialization 
function. In the optical disk apparatus shown in FIG. 5A. 
for example, the initialization information including phys- 

10 ical address information is processed by the write-in 
data processor 31, and input to the laser diode 23 via 
the LD driver 32. The laser diode 23 emits the light 
beam intensity-modulated in accordance with the initial- 
ization information. The light beam impinges on the disk 

15 via.the collimator lens 24, the beam splitter 25 and the 
objective lens 26, so that the initialization of the disk is 
carried out. 

[0079] When actual data is written in the initialized 
disk, a correct address is determined on the basis of the 

20 header address data ADO of a head sector constituting 
each ECC block and then the area from the Gap field to 
the Guard field immediately before the Buffer field is 
rewritten. Accordingly, when the header address ADO is 
written once in the initialization, it is not rewritten as long 

25 as the initialization is again performed. In contrast, the 
address data AD1 to AD15 are rewritten every time the 
ECC block is rewritten. In other words, the header 
address ADO is information important for determining 
the address. A plurality of, preferably two to four header 

30 addresses are continuously provided as shown in FIG. 
12. By providing such plurality of address data, accu- 
racy for reading data can be improved. 
[0080] In contrast, since the addresses AD1 to AD15 
are rewritten every time, one or two addresses are suf- 

35 f icient for addressing. 

[0081] The header address data ADO may be formed 
by emboss pits described above. In such disk, the data 
writing can be performed without initializing from an 
arbitrary position. 

40 [0082] In writing data, Gap and Guard 1 fields are 
formed subsequent to the first sector address field ADO. 
Subsequent to the Guardi field, VFO, PS, DATA, first 
sector DATA, and PA fields are sequentially written as 
phase change marks. PS, second sector DATA, and PA 

45 fields are sequentially written as phase change marks 
after the second sector address field AD1 composed of 
VFO, AM, PID, ID. and PA fields. 
[0083] Similarly, the sector address field ADn (n 1 , 
2 15) and subsequent PS, DATA, and PA fields are 

50 written n = 1 5 times as phase change marks. 

[0084] Guard2 and Buffer fields are formed after the 
16th sector address field AD15 and subsequent PS, 
16th sector DATA, and PA fields, thereby completing 
one ECC block. 

55 [0085] The content of each field will be explained. 
VFO Field 

[0086] The VFO field synchronizes the variable fre- 
quency oscillator of a phase sync loop for readout chan- 
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nel brts. The VF=0 field in the ECC trfock ackiress field 
(first sector address field) ADO. and the VFO field suc- 
ceeding via the Gap and Guard 1 fields have a 36-byte 
l^gth each. The VFO fields in the second to 1 6th sector 
address fields have a 1 2-by1e length each. 5 

AM (Address Mark) Field 

[0087] The AM field establishes byte synchronization 
of the optical disk apparatus for the next PID field. This 10 
field is formed from a mark pattern that cannot be 
obtained by 8/16 modulation, and has a 3-byte length. 
PID (Physical Identrfication Data) Field 
[0088] The PID field is 4-byte data composed of a 
reserve area. PID number, sector type, layer number, is 
and sector number. 

I ED (ID Error Detection code) Field 

[0089] The lED field is 2-byte data for detecting any 20 
error in the data ID. 

PA (PostAnr^ble) Field 

[0090] The PA field is data for completing 8/1 6 modu- 25 
lation of the last byte in a preceding field (lED or DATA 
field) and has a 1-byte length (16-channel-bit length). 

Gap Field 

30 

[0091 ] The Gap field gives a standby time until an opti- 
cal beam output from the laser diode 23 serving as a 
light source increases to a predetermined power, and 
has a (10-Kj/16)-byte length, i.e., (160+J)-channel-bit 
length. J randomly changes within the range 0 ^ J ^ 15. 35 
Variations in length of the Gap field are compensated 
for by the length of the Buffer field (to be described 
later). 

Guard 1 Field 40 

[0092] The Guardi field is assigned next to the Gap 
fiekj and has a (20+K)-byte length. In this field, a prede- 
termined 16-channel-bit pattern is repeated (20+K) 
times. K randomly changes within the range "0" to "7*' in 45 
order to shift the positions of phase change marks 
formed in fields from the VFO field subsequent to the 
Guardi field up to the Guard2 field. The first 20 bytes of 
the Guardi field guard the start of the subsequent VFO 
field from deterioration of a signal upon many over- so 
writes, and their contents are ignored in reading out 
data. 

PS (Pre-Sync code) Filed 

55 

[0093] The PS field establishes byte synchronization 
for the next DATA field, and is formed from a unique 
channel bit pattern having a 3-byte (48-channel-bit) 



length. 
DATA ReW 

[0094] In the DATA filed, data of the above-described 
data field is recorded as a phase change rr^rk. The 
DATA field has a 2.41 8-byte length. 

Guard2 Field 

[0095] The Guard2 field is formed before the last 
Buffer field of the EGG block and has a (55-K)-byte 
length. In the Guard2 field, similar to the Guardi field, a 
16-channel-bit pattern is repeated (55-K) times. K is set 
such that the total length of the Guardi and Guard2 
fields becomes 71 bytes. The last 20 bytes of the 
Guard2 field guard the end of the DATA field from dete- 
rioration of a signal upon many overwrites. The remain- 
ing (55-K-20) bytes absorb variations in actual length of 
data written in the optical disk 1 0. The contents of these 
bytes are ignored in reading out data. 

Buffer Field 

[0096] The Buffer field comes last in the ECC block, 
and absorbs changes in actual sector length caused by 
variations in rotation speed of the optical disk 10 and. 
decentering of the track in writing data, and random 
shifts of the write-in position and deterioration of start 
and end positions in phase change recording. In this 
embodiment, the Buffer field has a (140-J/16)-byte 
length. A Buffer field is formed for each sector in a cur- 
rent DVD-RAM. but for each ECC block, i.e.. each 16 
sectors in this embodiment. According to this embodi- 
ment, the format efficiency can be increased by a 
decrease in buffer area, conrpared to the current DVD- 
RAM. 

[0097] The effects of increasing the format efficiency 
according to the present invention will be described with 
reference to a detailed numerical example. 
[0098] In this embodiment, as shown in FIG. 12, each 
ECC block is formed from 2,488-byte first sector data 
composed of a 46-byte ECC block address ADO. a 
(10-KJ/16)-byte Gap field, a (20+K)-byte Guardi field, a 
36-byte VFO field, a 3-byte PS field, a 2,41 8-byte DATA 
filed, and a 1-byte PA filed, a total of 36.660-byte sec- 
ond to 16th sector data each composed of 2,444 bytes 
including a 12-byte VFO field, a 3-byte PM field, a 4- 
byte PID field, a 2-byte ID field, a 1-byte PA field, a 3- 
byte PS field, a 2,41 8-byte DATA field, and a 1-byte PA 
field, a (55-K)-byte Guard2 field, and a (25-J/16)-byte 
Buffer field. The ECC block length is 38.389 bytes. 
[0099] According to this embodiment, therefore, the 
ECC t3lock length decreases to 38.389 bytes/43.152 
bytes = 91%. compared to the current DVD-RAM. In 
other words, the capacity necessary to write the same 
data is 91% the capacity in the cun-ent DVD-RAM, and 
the format efficiency increases 9%. 
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[0100] Note that in this embodiment, the emboss pits 
16 are used as recognition infbrnnation representing the 
boundary (start) of the ECC block. An ECC block in 
which data is to be written can be recognized by count- 
ing the number of boundaries of ECC blocks. 
[0101] As has been described above, according to the 
present Invention, recognition information representing 
the boundary of the error correction block is written as 
emboss pits in the optical disk in advance. Data of each 
sector of the error correction block and address informa- 
tion of the sector are written on the basis of this recog- 
nition information. This arrangement allows to form a 
buffer area on the optical disk in units of one error cor- 
rection block. Compared to a conventional optical disk 
in which address information in units of one sector is 
written as emboss pits, the buffer area can be greatly 
decreased to increase the format efficiency. 
[0102] Since the positions of error correction blocks 
on the optical disk are determined in advance, data can 
be written in an arbitrary error correction block in writing 
data. From this viewpoirrt, the surface of the disk can be 
efficiently used as the data write-in area. 
[0103] In addition, error correction is performed for 
data but is not for address information of the sector. The 
sector address can therefore be recognized in real time 
without decoding the error correction block. Even if an 
address error occurs during a write, the address can be 
easily corrected to avoid a failure of writing data at an 
erroneous address upon generation of the address 
error. Furthermore, since the address information can 
be speedy obtained in the seek operation, the wait time 
for data read and write is shorted. 
[0104] In the optical disk apparatus according to the 
present invention, the land and groove tracks on the 
optical disk are wobbled with a wobble pattern having a 
predetermined period. Regardless of the pres- 
ence/absence of a data write, a periodic signal corre- 
sponding to the wobble pattern can always be obtained 
from an output from the photo-detector for detecting 
reflection light by the optical disk. Even a ROM appara- 
tus can control rotation of the spindle motor using the 
periodic signal. The write-in time can be shortened with- 
out any extra process of finalization in a write. 

Claims 

1. An optical disk having a plurality of error correction 
blocks containing a plurality of sectors and used for 
writing and reading data in units of an error correc- 
tion block by means of a light beam characterized 
by comprising: 

land and groove tracks (13, 14) arranged adja- 
cent to one another; and 
a plurality of recognition marks (16) formed on 
a boundary between the land and the groove 
tracks to recognize positions of the error cor- 
rection blocks. 
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2. An optical disk according to claim 1 . characterized 
in that each of the recognition marks (16) is formed 
from an emboss pit. 

5 3. An optical disk according to claim 1 . characterized 
in that the recognition marks (16) are formed of an 
emboss pit pattern as a combination of emboss 
pits. 

10 4. An optical disk according to claim 1, characterized 
in that the recognition marks (16) are formed of an 
emkx)ss pit pattern as a combination of a plurality of 
emboss pits representing a header address infor- 
mation of a head sector constituting the error cor- 

15 rection block. 

5. An optical disk according to clam 1, characterized 
in that address information of the sector which is 
not subjected to an error correction encoding is 

so stored. 

6. An optical disk according to claim 5, characterized 
in that a head sector constituting the error correc- 
tion block stores a plurality of continuous header 

2S address information. 

7. An optical disk according to claim 1, characterized 
in that the land and groove tracks (13. 14) are wob- 
bled in a predetermined period. 

30 

8. An optical disk according to claim 1 . characterized 
in that the recognition marks (16) are formed on a 
boundary between the land track and land portions 
provided by dividing the groove track. 

35 

9. An optical disk according to claim 1 , characterized 
in that each of the en-or correction blocks has a 
buffer area. 

40 10. An optical disk according to claim 1 , characterized 
in that the recognition marks (16) are formed from 
an emboss pit pattern represented by a combina- 
tion of a plurality of emboss pits which forms a 
header address information. 

45 

11. An optical disk according to claim 1 , characterized 
in that the recognition mark (16) contains header 
address information. 

50 12. An optical disk apparatus for emitting a light beam 
to an optical disk having a plurality of error correc- 
tion blocks each containing a plurality of sector to 
write and read out data in and from the optical disk 
in units of an en-or correction block characterized by 

55 comprising: . 

detection means (22) which detects recognition 
marks of the optical disk having land and 
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groove tracks arranged adjacent to one 
another and the recognition marks formed on a 
boundary between the land and grove tracks to 
recognize positions of the error correction 
t^locks: and 

write-in means (31. 32) which writes the 
address information of the sectors constituting 
the error correction block on the t)asis of a 
detected one of the recognition marks. 

13. An optical d^k apparatus according to claim 12. 
characterized in that a head sector of each of the 
error correction blocks stores a plurality of continu- 
ous header address information. 



14. An optical disk apparati^ according to claim 12, 
which the write-in means (31. 32) writes data in 
units of an error correction block and address infor- 
mation other than the header address information 

on the basis of the header address information of 20 
the head sector of each of the error correction 
blocks. 

15. An optical disk apparatus according to claim 12, 
characterized in that the land and groove tracks are 25 
wobbled in a predetermined interval, and which 
includes control means (34) which generates a 
periodic signal having an amplitude changing in 
accordance with a wobbled pattern and controls a 
rotation of the optical disk on the basis of the peri* 30 
odic signal. 

16. An optical disk apparatus according to claim 12, 
characterized in that each of the recognition marks 
(16) is formed from an emboss pit. 35 

17. An optical disk apparatus according to claim 12. 
characterized in that the recognition marks (16) are 
formed of an emtx)ss pit pattern as a combination 

of emboss pits. 40 

18. An optical disk apparatus according to claim 12, 
characterized in that the land and groove tracks are 
wobbled in a predetermined period. 

45 
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